We investigate the origin of "secondary disclinations" that were recently described as a new evidence of a biaxial nematic phase in an oxadiazole bent-core thermotropic liquid crystal C7.
Introduction
The search for the biaxial nematic ( N b ) liquid crystals (LCs) represents an active and fascinating area of studies with arguments presented both in favor and against 26-36 their existence. In the case of lyotropic surfactant systems, the discussion issue is stability. 1, 26, 27 Among the thermotropic LCs, the most studied is the oxadiazole bent-core material 4,4'(1,3,4-oxadiazole-2,5-diyl) di-p-heptylbenzoate derived from 2,5-bis-(p-hydroxyphenyl)-1,3,4-oxadiazole, abbreviated ODBP-Ph-C7, or simply C7 (Figs. 1a,b) . The N b phase of C7 has been suggested by X-ray diffraction (XRD), 6, 7 NMR, 8 and electro-optical studies. [9] [10] [11] [12] These suggestions were challenged [28] [29] [30] [31] [32] on the grounds that the observed features represent a mimicking behaviour of the uniaxial nematic ( N u ) phase rather than a true biaxial order in the bulk of the specimen. For example, the N u phase of C7 might mimic a biaxial behaviour through the appearance of smectic cybotactic groups, 29, 30 and surface anchoring transitions in which the uniaxial director n (depicting the average direction of long molecular axes) tilts as the sample's temperature is varied. 31, 32 Recently, a new evidence has been presented in favor of the N b phase of C7, based on the polarizing optical microscopy (POM) textures exhibiting the so-called "secondary disclinations" (SDs). 37 The POM showed a secondary Schlieren texture growing into a N u texture on lowering the temperature and disappearing on heating. 37 The appearance of SDs was attributed to the NN ub  phase transition. The SDs were associated with disclinations in the orientational order of the short molecular axes, i.e., with the secondary director (different from n ) of the N b phase. 37 In this paper, we apply a battery of imaging techniques, namely, POM, LC PolScope, and fluorescence polarizing optical microscopy (FCPM), to explore the C7 textures and their temperature and electric field-induced behaviour in cells with different surface alignment layers.
Our studies demonstrate that the SDs are caused by a surface anchoring transition, i.e., by realignment of the uniaxial director n from being parallel to the bounding plates to being tilted. 35, 39, 40 In the analysis of optical textures, it is important to know the temperature dependence of birefringence n  . The latter is presented in Fig. 1c 
Alignment, Anchoring Transition and Domain Walls
To re-enact the appearance of SDs, we fabricated cells with two polyimide aligning agents, SE1211 and SE5661 (both supplied by Nissan Chemical Industries) deposited onto the indiumtin-oxide (ITO) electrodes at glass substrates. The polyimide layers were spin-coated from solutions and then baked but not rubbed. Fig. 4 , as described in the next section.
Polarizing Optical Microscopy

Maps of retardance and director field by LC Polscope observation
The LC PolScope (Abrio Imaging System) allows one to map the optical retardance In order to further confirm the model of DWs, we performed an experiment in which an alternating current (AC) field E (sinusoidal wave of frequency 1 kHz f  ) was applied across the cell, between two ITO electrodes on the glass plates, Fig. 6 . C7 has a negative anisotropy of dielectric permittivity: 31 which means that the field realigns n perpendicularly to itself. In absence of E , the retardation  outside the DWs is very small, (Fig. 1c) (Fig. 6c) Fig. 1c .
On the basis of the POM and LC PolScope studies, we conclude that the SDs are not associated with the appearance of the secondary director and represent DWs that emerge during a temperature-induced surface anchoring transition in the uniaxial nematic cells with certain types of surface aligning layers (such as SE5661). Below * t , the director n deviates from the tangential alignment; the regions with different azimuthal directions of the tilt are bridged by the DWs. The tilted orientation of n below * t is also confirmed by the fact that in POM and LC PolScope textures, the DWs either join two half integer disclinations or form closed loops (Fig. 3) . Below * t , the projection of the tiled n onto the plane of the cell is a vector (as opposed to the director), thus the half-integer disclinations no longer exist as isolated defects and must be associated with the DWs. 47 The fact that * t depends on d (Figs. 3 and 4) provides another evidence that the DWs are associated with the effects of confinement rather than with the NN ub  phase transition in the bulk; the thermodynamic stability of the biaxial nematic For the direct demonstration of the anchoring transition and director tilt at * tt  , the SE5661 cell was investigated using the 3D microscopy technique, so-called fluorescence confocal polarizing microscopy (FCPM). 48 C7 was doped with a small amount ( 0 01 wt% .
) of the fluorescence dye N,N'-Bis(2,5-di-tert-butylphenyl)-3,4,9,10-perylenedicarboximide (BTBP,
Sigma Aldrich). Planar (PI2555) cells were used to establish that the transition dipole d of BTBP molecules is parallel to n of C7 by measuring the azimuthal angular dependence of the fluorescence intensity FCPM I (Fig. 7a) . 48 Fig. 7b ). The same region of the sample was scanned in the FCPM mode, in the plane parallel to the bounding plates, Fig. 7c , and in the plane perpendicular to the bounding plates, Figs. 7d-f. The probing beam was circularly polarized in order to detect only the polar angle of the director tilt. In both the horizontal ( , ) xy scans (Fig. 7c) and the vertical ( , ) xz scans (Fig. 7d) , the DWs feature a higher intensity of fluorescence as compared to that of the surrounding regions. This feature is consistent with the idea that n in the center of DWs is parallel to the bounding plates and is tilted in the regions outside the DWs.
Furthermore, the vertical scans obtained in the presence of E (Figs. 7e,f) show that FCPM I increases as E is increased. This clearly demonstrates that the electric field realigns n towards the horizontal planes (parallel to the bounding glass plates).
Thickness-dependent anchoring transition and electric double layers of ions
The appearance of anchoring transition at * t for some aligning substrates and the fact that * t depends on the cell thickness can be explained by the aligning action of electric double layers formed by ionic impurities near the substrates. The electric double layers create local electric fields acting on the director near the surfaces. 50, 51 The surface anchoring potential for a tangentially anchored substrate is, in Rapini-Papoular approximation, 
where  is surface density of charges,  is the average dielectric permittivity of the LC, 0  is the . The fresh cells exhibit the phase diagram as in the previous studies 7, 8, 31 , and show an anchoring transition from tangential (1 st column in Fig. 9b ) to tilted alignment with the emergence of DWs at * t (2 nd column in Fig. 9b ). In the cells kept at elevated temperature for 24 hours, both NI T and the temperature range of tangential alignment decrease. Moreover, one observes another textural transition, from a tilted to homeotropic alignment state, at a certain temperature H t , Figs. 9c. After a more prolonged exposure to the high temperature, 42-72 hours, the temperature range of tangential alignment expands, while NI T and the range of tilted alignment decrease, Fig. 9a . We also observed formation of air bubbles and crystal aggregates (red dotted circle in Fig. 9d ) that did not melt even at
Therefore, the surface alignment of C7 is strongly affected by degradation at elevated temperatures.
Conclusions
In this study, we demonstrate that the so-called secondary disclinations (SDs) observed in the nematic C7 represent domain walls (DWs) that occur in a uniaxial nematic phase as a result of the surface anchoring transition triggered by temperature changes. This transition is observed for a certain aligning material (SE5661) but not for other aligning materials (such as PI2555 and SE1211). In the cells with the SE5661 aligning layer, above some temperature * t , the director n is parallel to the bounding plates. Below * t , the director tilts away from the substrates. Directors in different regions of the cell tilt into different azimuthal directions. Topologically, these regions have to be bridged by the DWs in which the director remains tangential, Fig. 5 .
The observed DWs are not associated with the biaxial nematic phase, as follows from the facts that (a) the DWs are observed only with some alignment layers and not with the others; (b) the temperature range of stability of DWs (its upper limit * t ) depends on the thickness of cells; (c) the DWs can be removed by modest electric fields that realign the director from tilted orientation towards an orientation parallel to the bounding plates.
The issue of temperature-induced anchoring transitions in bent core mesogens is by itself an interesting problem. These transitions have been observed in C7 and C12, 31, 32 as well in some other materials. [32] [33] [34] Very interesting is the fact that the transition temperature * t depends on the cell thickness. The natural reason for thickness-dependent anchoring transitions is the presence of ionic impurities in the samples that form electric double layers and thus create local electric fields acting on the director. 50, 51 Since the dielectric anisotropy of C7 is negative, the vertical electric field of the double layers tends to align the director tangentially; this tendency competes with the perpendicular alignment caused by the polyimide layers. Additional experiments with variable concentration of added salts and in-plane gradients of the ions support the model of the anchoring transition as a balance of polyimide and electric double layers alignment tendencies. We also demonstrated that degradation of C7 at the temperatures corresponding to its nematic phase dramatically influence the surface anchoring of the material.
We conclude that C7 represents a uniaxial nematic phase in the entire temperature region between the isotropic melt and the smectic phase. The conclusion confirms an earlier statement on the uniaxial nature of C7 based on the studies of topological defects 31 and a magneto-optical response. 32 The study demonstrates yet another facet by which a regular uniaxial nematic mimics the properties of a biaxial nematic phase, this time through thickness dependent anchoring transition from a tangential to tilted alignment of the director.
